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Abstract: Scepticism largely deflated, and the denial machine’s intent to mislead unmasked, climate warming owing to an-
thropic carbon emission is now seen by most as an ongoing process. When compared to the historic rates, the predicted warming
rate and concomitant rates of biotic response should be considered simply colossal. This is the point about which the present
paper gives insight based on numerical analyses. The Vostok temperature series, its different transforms, and palynological
spectra from global sites are the basic data. These are marshalled in support of the paper’s main proposition that the thermal
effect on the vegetation depends not only on the rate of troposphere warming or cooling, but very much on the velocity of onset
and length of duration. The main text begins with a definition of terms, followed by a short essay tracing how the conceptual-
isation of the climate warming paradigm evolved from initial scepticism to acceptance as a reality. The technical sections treat
the conversion problem from Vostok inversion-layer temperature differences to global mean rates. It offers frequency distri-
butions for historic warming/cooling rates, and explains the latitude dependence of the translation of the rates into local thermal
flux. Presentation of examples of historic thermal events and the effect on the global vegetation close the main text. Statistical
analyses are involved based on a novel methodology. The methods are concerned with formation migration rates, metrics of
compositional transition velocity and acceleration, long-term variation in the representation of specific taxa in palynological
spectra, taxon traits and taxon plasticity, and hotspots detection in compositional transitions. The palynological data are exam-
ined in synchrony with historic trends in the troposphere’s Late Quaternary temperature history. Owing to the broad topical
contents, the paper adapts a modular structure of presentation which requires the evaluation and interpretation of the results
where they are presented. An overview is given at the end with emphasis on the general trends.

Introduction The process unfolds on different scales. The focus of the

present paper is on the global scale, normally identified as the

Displacement is our term for events of change in the geo-
graphic pattern of the vegetation. The papers focus is on the
mechanistic aspects captured by displacement statistics asso-
ciated with long-term global temperature oscillations. The
transitions considered are global in scale, long-term, compo-
sitional, and functional. These are captured by individual
taxon statistics and composite trajectory scalars extracted by
complex analyses from palynological spectra. Figures 1 and
2 exemplify typical data sources available to us. Useful initial
guidance to the methodology is found in Orléci et al. (2002,
2006, Orloci 2008).

An example of long-term (20 kyr) pattern displacements
is presented in Fig. 1.4 of the Delcourt and Delcourt (1987)
monograph. The figure, relevant for the vegetation history of
Eastern North America, conjures impressions of a rather or-
derly, yet substantive space/time dynamics from Tundra to
temperate deciduous forest, synchronic with long-term cli-
mate warming as the main trend that started about 16 kyr BP
and lasted over millennia.

formation level. Much information is available for this level
in the palynological spectra covering the Late Quaternary. It
is quite clear from the available information that the assem-
bly process has drawn on the same pool of species popula-
tions that re-emerge from refugia and expand their range with
the unset of the favourable climate.

Assembly and disassembly as a perpetual process pro-
ceed at rates depending on the level of forcing. Important to
the Late Quaternary process is that the rate of forcing by cli-
mate warming allowed time for the populations to absorb the
thermal stress by ways of migration in locked step with the
optimal climate. We show in this paper that no orderly proc-
ess of that sort should be expected under even the most mod-
est current predictions of global climate warming for the 21st
Century. In fact, the 100 yr warming rate of 3.6°C, consid-
ered a below median prediction, may in fact turn out to have
the potential of being very destructive because of the rapid
onset well within the life span of many sessile organisms.
Some of the predictions go beyond the 10° centennial climate

1 This is written version of the lecture presented at E6tvos University, Budapest, in September 2007, extended and sections revised.
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Table 1. Data sources by location and contact person. The number of taxa shown is the number listed in the original records. This is
not necessarily the same number that we actually used, because of exclusions of ambiguous entries. Palynological data were down-
loaded from the Global Pollen Database (2007). Vegetation classification and precipitation data follow Kiichler (1974, 1990) and
Trewartha (1990). Potential evapotranspiration values are from Trewartha (2001). Legend to symbols: T — Tundra; TR — Tropical
rainforest; LSC — Lowland shrub conifer; TA — Taiga; AT — Alpine tundra; TDF — Temperate deciduous forest; ARA — Araucaria
forest; TG — Tropical grassland; G — other grassland; XF — Xerophytic forest; TH — Thorn shrub; EAS — Eucalyptus, Acacia shrub;
EASC — EAS plus Conifer; MDSC — Montane desert shrub conifer; DS — Desert shrub. This table is taken from Orldci et al. (2006)

Location and contact person Latitude Number of Period Regional vegetation
Longitude taxa covered formation.
Altitude Number of yr BP Annual precipitation
(m) time steps. (cmy).

Potential evapo-
transpiration (cm)

1. Lagoa das Patas, Amazonas — P. E. Oliveira 00.16.00N 179 0 - 44569 TR

(Colinvaux et al. 1996) 6641.00W 49 =200
300 120-160

2. Joe Lake, Alaska — P. M. Anderson (1988) 66.4600N 90 0- 43304 T.TA
157.13.00w 87 25-50
183 =40

3 Camel Lake, Florida - E.C. Grimm (Wattset  30.16.00N 147 0 - 36658 1sC

al. 1992) 85.01.00W 116 100-150
20 80-120

4. Hanging Lake, Yukon Territory — L. C 68.28N 89 0- 41134 T

Cwynar (1982) 138 23W 133 25-50
500m =40

5. Jack London Lake, Magadan Oblast, Russia 62.10.00N 72 221- 29876 ATTA

P. M. Anderson (Lozhkin et al. 1993) 14930.00E &0 25-50
820 =40

6. Jackson Pond, Kentucky — G. R. Wilkins 37.27.00N 71 0- 20477 TDF

(Wilkins et al 1991) 85.4300W 58 100-150
212 80-120

7. Cambara, Rio Grande do Sul, Brazil - H 29.03.095 164 0- 42784 ARAG

Behling (Behling et al. 2004) 50.06.04W 190 150-200
1046 80-120

8. Lake Patzcuaro, Michoacin de Ocampo, 1935008 53 20 - 44100 XF

Mexico —W. A Watts (Watts and Bradbury 101.35.00W 64 50-100

1982) 2044 120-160

9. Rusaka Swamp, Burundi - K. Bonnefille 03.26.005 179 796- 11910 TG, TH

(Bonnefille et al. 1995) 29.37.00E 141 (46666) 50-150
2070 120-160

10. Lynch's Crater, Queensland, Australia— A, 17.22.008 2 868 — EAS

P. Kershaw (1954) 1454200E 44 40000 50-150
760 (234) (-192649) 120-160

11. Harberton, Tierra del Fuego - V 54.53.008 33 0- 13360 DS

Markgraph (no reference given) 67.10.00W 81 25-50
20 80-120

12 Lake George, NSW —G. 8. Hope (Singh and = 35.05.008 93 1 EASC

Geissler 1985) 149.2500E 30 40000 25-100
673 (68) (116711) 80-120

13, Potato Lake, Arizona — R. 5. Anderson 3427 43N 77 1389 - 35271 MDSC

(1993) 111.20.43W 61 25-50
2205 80-160

14 Hay Lake, Arizona - B. F. Jacobs (1985) 34.00.00N 4“4 106 - 44692 MDSC
109.25.30W 45 25-50
2780 80-160

warming rate. These rates, much higher than the ones that
defined the current formation pattern of vegetation, are as-
sumed to be sustained over the long term.

We put two questions to set limits on the otherwise very
broad problem area:

1. Is troposphere warming real?

2. What to expect under the predicted warming rates in the
way of dislocations and transitions?

We feel the first question can be handled in convincing
detail based on evidence presented by others in selected
benchmark publications. The question of displacements and
transitions requires statistical analysis of archived long-term
temperature and palynological data. The evidence in these is

left rather dormant by statisticians until recent development
of an effective methodology (Orléci et al. 2002, 2006, Orléci
1994, 2008 and references therein). We build on an extended
methodology and present novel results.

It is well established that the effect of climate warming
depends on its rate of advance and its duration. We will ex-
amine these aspects in the main text after we addressed issues
of reality, so that our conclusions to be drawn will be on all
fours with what should we realistically expect.

The reality of troposphere warming

It became known decades ago that anthropogenic CO, is
increasing in the atmosphere and affecting the radiative heat
balance and surface temperature of the Earth. Today the CO,
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content in the atmosphere is 35% higher than before the In- pheric CO, content of the atmosphere by 2070. A noted land-
dustrial Revolution in late 18th and early 19th centuries and mark publication presents the Mauna Kea graph CO, (Keel-
it is higher than ever before in the last 500 k years. It became ing et al. 1976, Thoning et al. 1989, Conway et al. 1994) that
also known decades ago that CO, and other greenhouse shows CO» rising at an ever increasing rate since 1958. The
gases, mainly methane and water vapour, are all on a relent- functional form of the rise is complex:

less rise at rates equivalent in effect to doubling the atmos-
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Figure 1. Cwynar’s (1982) palynological spectrum from Hanging Lake, Yukon Territory. See Table 1 for site details. Short listed
taxa after L.C. Cwynar: 1 Alnus, 2 Betula, 3 Ericaceae, 4 Ericales, 5 Picea, 6 Salix, 7 Artemisia, 8 Asteraceae-Asteroideae, 9 Brassi-
caceae, 10 Chenopodiaceae-Amaranthaceae, 11 Cyperaceae, 12 Fabaceae, 13 Plantago canescens, 14 Poaceae, 15 Rosaceae, 16 Other
trees and shrubs, 17 Other herbs. Bottom scale: pollen counts %. Dark shading: original scale. Light shading: 5x exaggerated scale.
Black markings on depth scale: dated horizons. Continuous line across table demarks a record set called paleorelevé. This is the vir-
tual equivalent of the regional vegetation community 8200 years BP. Graph adapted from Orloci et al. (2006) with permission. Data
source: Global Pollen Database (2007).
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Figure 2. Oscillations of Vostok’s inversion layer temperature, determined on the basis of deuterium found in the Anctartic ice. The
graph’s temperature scale expresses deviations from the current deuterium based inversion layer average temperature. The inversion
layer is the site in the troposphere where precipitation originates. See Petit et al. (1999, 2001) for technical details on the ice core and
determination of the ice’s deuterium content. Data source: World Data Center for Paleoclimatology (2002).
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y=1082137.5 + 8859 X°> — 194450.384 In X

Symbol X stands for calendar year and y for CO, concentra-
tion in parts per million. y has to be multiplied by factor
743/350 to express the total atmospheric CO, in gigatons
(Gt). Should present societal practices continue, fossil fuel
burning will in all likelihood increase the CO, content of the
atmosphere as follows:

Year 1990 2000 2010 2020 2050 2060 2090

COp Gt 749 785 827 873 1041 1107 1332

The complete Mauna Kea record from 1958 to present is
downloadable from the “trend” column in Tan’s (2008) data
table. The 2008 web address for this is <fttp://
ftp.cmdl.noaa.gov/ccg/co2/trends/co2_mm_mlo.txtis>.

A coupling of the empirical fact of the sharply rising CO,
with the physical reality that this process upsets the radiative
heat balance of the earth has raised the spectre of global cli-
mate warming. This necessarily leads to the next level of
probing for evidence, represented by the global, predictive
mathematical models. As of 1990, the most advanced one
couples the ocean circulation with atmosphere circulation
(Manabe et al. 1990). One of the outcomes is the prediction
of 2.5° temperature rise in the troposphere by 2060. The pre-
diction is linked to the “2 x CO,” scenario according to
which the volume of greenhouse gases will have doubled by
2060 with effect compared to the doubling of the 1990 CO,
content of the atmosphere. Projected for a 100 yr, the Manabe
et al. (1990) warming rate would be 3.6°.

A significant step in the course of developments is J. Ma-
son’s overview of models and climate warming basics in his
1990 Robens Coal Science Lecture at the Royal Institution of
London. This is most remarkable for both perception, and in
hindsight, for the accurate foresight. Mason made these
points:

1. The radiative heat balance of the Earth has been tipped.

2. The amount of greenhouse gases held by the atmosphere [in
1990] is sufficient to make global climate warming a preordained
event, and

3. the oceans’ thermal inertia, that made the climate warming
signal too small to detect [in 1990] above the large natural climate
variations, is destined to be overcome [speaking of about two dec-
ades up the road from 1990] at which point in time the oceans will
start giving off the stored heat to the environment.

Mason (1990) clearly saw the need to head off the devel-
oping problem by implementation of appropriate steps and
by developing appropriate long-term strategies, specifically,

“... to take all reasonable and practical steps to restrain or re-
duce energy consumption, and explore economically promising al-
ternatives to fossil fuels.”

A U.K. reference, Mason considered necessary and real-
istic a governmental decision that would

“ ... restrict UK emissions of carbon dioxide by 2005 to current
[1990] levels, and to reduce emission of CFCs in line with the
Montreal Agreement.”

Orloci

Speaking in the first person, Mason continued,

“In addition we should develop, without delay, adaptive strate-
gies in agriculture, forestry, coastal defences, water supplies and
so on, to make the economy less vulnerable to climate changes
when they occur. It would appear that we have a breathing space
of some 50 years [from 1990] but this may prove to optimistic; in
any case it is none too long.”

While the trickle of reliable information that confirmed
the danger of anthropogenically induced global warming as
a hard reality by 1990, became a torrent during the 1990°s
(Gore 1992, NSF 2001, IPCC 2001), underscoring further
the importance of proper action to slow carbon dioxide emis-
sions, a wait-and-see attitude became the dominant corporate
and government policy. The ideological justification for this
came from the sceptics (e.g., Lomborg 2001a,b) and from the
industrial “denial machine”. Rebuttal of the sceptics’ argu-
ments (e.g., Ege and Christiansen 2002) and successful un-
masking of the denial machine were needed before policy
changes could be expected at the highest levels. Publications
by Kluger (2001), Lemonic (2001), Grady (2001), CBC
(2006), Gore (2006), IPCC (2007) and Black (2007) pre-
pared the ground. The signals of global warming, that were
too small to detect, as J. Mason put it in 1990, are considered
loud and clear in 2008. The massive melting of polar ice and
glacial in the high mountains, the far too obvious transitions
in the biota (Parmesan 2006), and not the least, the rising eco-
nomic and social problems in countries trapped in regions
under an already destabilised, marginal climate are éclat ex-
amples.

Climate warming is a fact, but the decision of exactly
what steps to take has yet to be crafted. There are many op-
tions for the reduction of carbon dioxide in the atmosphere,
but only industrial scale “carbon mining” may lead in time to
substantial reductions. Relevant to this Sir Richard Bran-
son’s offer of a $25 m award:

“... for whoever can demonstrate to the judges’ satisfaction a
commercially viable design which results in the removal of anthro-
pogenic, atmospheric greenhouse gases so as to contribute materi-
ally to the stability of Earth’s climate.”

There are no takers of the Branson offer as yet.

While climate warming certainly has manageable as-
pects, if only society adopted an ecocentric mode of exist-
ence, as Thomas Berry (1988) describes it, in reality the pros-
pects of society to adopt such an existence and thereby to
manage the manageable aspects of global warming are reced-
ing into an ever more distant future.

The uncertainties facing us on our time scale are in sharp
contrast with the certainties beyond that time scale in the mil-
lennia to come. We can say with certainty that in all likeli-
hood the planetary mechanisms will continue functioning
unchallenged, the concentration of land mass in the Northern
Hemisphere will stay more or less unchanged, and the Mi-
lankovitch cycles (Milankovitch 1941) will do their work:
the Earth’s climate will once more cool and a new glacial pe-
riod will return.
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Vostok temperature conversions

The Vostok records (Petit et al. 1999, 2001) have fixed
the historic thermal events in the inversion layer of the at-
mosphere at 78°28” S, 106°48” E as far back as 422.8 thou-
sand years BP (Fig. 2). The records cover five interglacial
periods and intermittent glaciations.

Conversion of temperature amplitudes to sites outside
the Antarctic region is possible. Our factor for this is based
on linear conversion rates applied in two steps:

1. Inversion layer temperature to surface temperature
conversion:

Surfacetempamplitude

12°
" Inversionlayer tempanplitude  &°

=15

1
Petit et al (1999, 2000, 2001) are the relevant reference for
specifics.

2. Vostok surface temperature to mean global tempera-
ture:

K _ Current Global MeanTemperature  289°K “13
2" Current Vostok MeanTemperature  218°K

We note the current global mean temperature is taken to be
15 °C and the current Vostok mean surface temperature -55
°C. The product 1.5 x 1.3 amounts to 1.95, which we rounded
to an even 2.

The following example should reveal that we deal with
temperature differences. Let us suppose that we read -3.92°
and 2.06° from the Vostok graph (Fig. 2) for time points 13
kyr BP and 5 kyr BP. This corresponds to a 100 yr inversion
layer warming rate of 0.07475° and to a 100 yr surface warm-
ing rate in the global mean to 0.15°.

The Vostok temperature estimates are based on the deu-
terium (D) content in the ice core. Regarding the conversion,

30

the caption of Fig. 3 gives guidance (see Gray and Se 1984,
Schweingruber 1996 and Petite et al. 1999, 2001). Using the
regression equation from Fig. 3, the approximate local sur-
face temperature can be estimated by 7=(D+129.3)/5.7 in °C.
The D value is standardized. The deuterium source is usually
dead organic matter, oceanic sediment, or ice.

The unfolding of historic thermal events

We are interested in warming and cooling episodes and
the rates (temperature change in unit time) at which they en-
folded. For comparability, we express the rates on a one hun-
dred year basis. For example, if we read from the Vostok re-
cords 2.8° temperature increase over a 172 yr period then we
take the 100 yr warming rate to be 1.6°.

To be logically comparable, not just the rates but the time
step widths from which the rates are estimated should be the
same. Time step width varies considerably within the Vostok
series from 17 yr to almost 700 yr as seen in Fig. 4. It remains
between 17 to 150 yr from present up to about 220 kyr BP.
But beyond that point, it increases steeply and erratically.
Considering these facts, we decided to exclude the 220 k yr
BP to 4428 yr BP half of the series from the analysis when
we examined the frequency distribution of the thermal
change rates.

Equal time steps can be established after the fact only by
interpolation, but this is at a cost to the resolving power of the
data. The dilemma is, of course, how to strike a balance be-
tween improving comparability and keeping a high resolving
power. If we opt for long time steps, we lower the amplitude
of variation about the moving average with expected increas-
ing loss of resolving power. If we opt for short time steps the
spikes brought on by aberrant short term conditions will be
emphasized. Ideally, the time steps should be sufficiently
broad to filter out short-term aberrations while enhancing the
appearance of robust trends.
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Table 2. Frequency distribution of 100 yr cooling and warming rates in the Vostok series and its transforms. Upper class limits are
shown for warming (+) and cooling (-) in header rows. Frequencies and relative frequencies are in body of the table. For example,
0.42 % of the 2645 rates larger than negative 2.5 but not larger than negative 2 indicates cooling at the average 100 yr rate of 2.259
inversion layer or 4.5 global mean surface temperature within the original (unadjusted) Vostok series. Frequencies are counted
within the 0 to 220 kyr BP period. See the main text for explanation. Legend: ILR — upper class limits for inversion layer rates;
GMSTR — upper class limits for global mean surface temperature; Vostok — original record set (A); Proxy 100 — Vostok record
transformed to equal time steps 100 yr each (B); Proxy 600 - Vostok record set transformed to equal time steps 600 yr each (C).

A
ILR -45 4 35 3 25 -2 -15 -1 -05 0 05
GMSTR 9 -8 -7 -6 5 4 -3 -2 -1 0 1
Vostok 1 2 1 3 5 11 19 6 263 1013 907
%% 004 008 004 011 019 042 072 234 994 3830 3429
ILR 115 2 25 3 35 4 45 5
GMSTR 2 3 4 5 6 7 8 ¢ 10 TNS
Vostok 256 61 18 10 3 4 2 2 2 2645
% 968 231 068 038 011 015 008 0.08 0.08 100
B
ILR 15 -1 05 0 05 1 15 2
GMSTR -3 -2 -1 0 1 2 3 4
Vostok 100 1 13 113 986 951 125 7 3 2199
% 005 059 514 4484 4325 568 032 014 100
C
ILR 15 -1 05 0 05 1 15 2
GMSTR -3 -2 -1 0 1 2 3 4
Vostok 600 352 352 704
% 50 50 100
With the forgoing thoughts in mind we examined the given in Table 3. Some interesting facts can be discovered

original Vostok series, keeping the original time steps. Then from inspection of these tables:
we created two proxy series by setting the equal time step
width to 100 yr in one case and to 600 yr in the other case.
The transformation involved is a time-step specific regres-
sion based interpolation.

1. The original time steps over emphasize the spikes.
These tend to be short lived, albeit consequential at most only
locally and mainly in marginal environments, unlike low-rate
warming sustained over long periods. The latter were respon-

We present the frequencies of warming/cooling rates for  sible for the rearrangement of the entire vegetation pattern in
original, 100 yr and 600 yr time steps in Table 2. Typical in- the northern hemisphere.

stances of spiking over relatively short periods of time are ) ] )
2. It is quite clear how far the short-term spikes stretch

the tail of the distributions. While it is happening in a very
symmetric manner, in all only 46 rates out of 2645 fall out-

Step size yr side the negative 4° to positive 4° global mean surface tem-
700 perature (GMST) limits. In total, 1920 of the 2645 cases oc-
600 A | cur within the negative 1° to positive 1° GMST limits. In

1, the histori rtion of the 100 tes that t
St f# V general, the historic proportion of the yr rates that are a

least as large as 3.6°, the Manabe et al. (1990) prediction, is
less than 1.5%. But basing such an estimate on the very vari-
300 M able original time steps is likely to be too liberal. Based on
the proxy series, the proportion of the 100 yr rates that are at

400

eor least as large as 3.6° is less than 0.14%. In the proxy series
100 N with 600 yr step size, none of the 704 stepwise rates is more
0 i ‘ : : extreme than negative 0.5° and positive 0.5°.

o 100000 200000 300000 400000 3. We emphasize that no extended period with warming

yr BP rates sufficient to affect significantly the global vegetation

pattern, such as the warming rates occurring in the 16974 to

11191 yr BP period, even came close to be as extreme as the

Figure 4. Time step differences in the Vostok series from pre- median predictions today. For the full dimensions of the ef-

sent to 4228 kyr BP. fect of thermal stress to be seen in local sites, the potentially
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Table 3. Absolute and 100 yr warming/cooling rates in the Vostok series (0 to 220 kyr BP) and explanations based on the original
untransformed Vostok series. Double the temperature difference and rate to obtain GMST estimates.

Period yr BP  Temperature® Temperature  Period 100 yr Type Cycle Comment
difference © yr rate yr

16974-13938 -8.51,-2.06 6.45 3036 0.21 warming Low-intensity long-term

13938-13539  -2.06,-4.02 1.96 399 049 cooling 3435 ‘armingtrendsthat shaped
the modern high-level

13539-12385  -4.02,-3.96 0.10 1154 001  cooling global vegetation pattern.

12385-11191 -3.96,0.81 4.77 1194 0.40 warming 2348

8276-8135 -0.78,2.06 2.84 141 2,01 warming Short-term high-rate

8135-7994 2.06,-0.54 2.60 141 184 cooling 282 spikes, that probably
accelerated early

4690-4509 0.88,1.13 1.92 181 106 warming developments in agriculture

4339-4202 1.13,-1.00 213 137 155 cooling 488  andalso forced catastrophic
draughts in marginal

2331-2291 -0.98,1.16 2.14 40 5.35 warming .
environments.

2291-2212 1.16,-0.73 1.89 79 239  cooling 119

552-397 -1.61,1.33 2.94 155 190 warming

397-234 1.33,-1.84 317 163 1.94  cooling 328

234-190 -1.84,023 207 44 470  warming 44

substantial local thermal flux rates have to be taken into ac-
count (Orldci 1994).

Local thermal flux rates

It is a well know fact that latitude can affect the rate at
which any rise in the global average temperature translates
itself into local temperature rise. For example, moving North
on the Delcourt and Delcourt (1987) transect in Eastern
North America, the impact of global warming should be felt
at an increased rate. Orloci (1994) used a simple but effective
method, based on vegetation formations as geographic mark-
ers, to estimate local thermal flux rates (LTFR) from current
surface temperature, current global mean temperature, and
historic global mean temperature. His equation is

LTFR = CTHN-CTCN .
GTH-GTC

In this, LTFR is the rate at which one degree rise in the global
mean surface temperature will materialise as a local tempera-
ture rise. Symbols: CTHN - current temperature at the more
southern historic northern limit of the marker vegetation for-
mation; CTCN - current temperature at current northern limit
of marker vegetation formation; GTH - historic global mean
surface temperature at the time when the formation reached
a more southern, northern limit, from where it migrated to its
present, northern limit; GTC: current global mean tempera-
ture. Table 4 contains examples from Eastern North America
roughly along longitude 85° W. We also include some altitu-
dinal cases from Mauna Kea on the Big Island of Hawaii.
Marker boundary shifts are read from figure 1.4 of Delcourt
and Delcourt (1987) for the North American sites and from
Cruikshank (1986) on Mauna Kea.

Two things are quite obvious:

1. The thermal flux rate is functionally related to latitude
(LTFR = -1.276 + 0.065X and R = 0.99). Only the North
American sites are included in the calculations.

2. Moving North, the thermal flux rate becomes increas-
ingly extreme. At those rates even a modest 3.6° increase in
the global average temperature would cause a catastrophic
rise in the local temperature, far beyond the temperature re-
gimes in the distribution area of the key Boreal Forest, Taiga
and Tundra plants.

The premises of estimation are straight forward and the
method can be applied at very little cost to the user. An added
advantage compared to the mega-models, is that the esti-
mated LTFR values have local relevance.

Past and anticipated climate warming effects

It can be concluded from what has already been pre-
sented above that a 3.6 °C 100 yr warming rate, a very con-
servative value among recent predictions, is already in the
category of the historically very low frequency sustained
warming events. Climate warming occurred at that rate about
3 times over the 219.9 kyr period (see Table 2, 100 yr step
size). In the following sections we examine examples to illu-
minate further what to expect based on past effects under his-
toric warming rates that caused taxa, and metaphorically
speaking, entire vegetation zones to migrate long distances.

Specifically, we examine certain salient characteristics
of vegetation dynamics whose traces are recognisable in the
palynological spectra. Formation expansion rate is one of
these for which the time/space pattern dynamics mapped by
Delcourt and Delcourt (1987, figure 1.4, page 20) in Eastern
North America is an example. The long-term oscillations of
characteristic community metrics is another property that we
discuss, recapitulating results presented in earlier papers by
us (Orloci et al. 2002, 2006, Orloci 2008). The long-term os-
cillation of taxon frequencies is yet another topic we exam-
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Table 4. Local thermal flux rate estimates based on Orldci’s (1994) method. The vegetation records for Mauna Kea follow Krajina
(1963). Data in rows 3,4 are from Walter et al. (1975), except in the last two cells, which are from Krajina (1963). It is to be noted
that thermal flux rates are specific to the sites where they are determined. Abbreviations: AMP — annual mean precipitation; AMT —
annual mean temperature; LTFR — local thermal flux rate; TR - local temperature rise; EAMT - expected annual mean temperature
under the Manabe et al. (1990) 3.6 °C global warming scenario on a 100 year basis (2.5 °C temperature rise in 70 years).

Vegetation Arctic Boreal Mixed Cool Warm Tropical Tropical
Tundra Conifer- Temperate  Temperate Alpine  Subalpine
Northern Deciduous Evergreen (3,300m) (2,000m)
Hardwood
1 Climatic Port Timmins, Stratford, Nashville, Mohil, Mauna Kea, Hawaii
station Har- Ontario  Ontario Tennessee Alabama*
rison,
Qu.
2 N.at. X 58026' 489 31" 43022 36910 31942 19° 49 19° 49"
3 AMPmm 372 711 773 1,144 1,439 510 1020
4 AMT °C -75 1.3 8.3 15.6 19.8 0 44
5 LTFR 2.53 1.92 1.5 1.1 0.8 0.92 0.92
6 TR 9.1 6.9 5.5 3.9 3.6 3.32 3.32
7 EAMT 1.6 8.2 13.8 19.5 234 3.32 7.72

ine. Our taxa are pollen types found in the palynological
spectra. We also consider metrics that capture the communal-
ity and specificity traits of the palynomorphs, interpretable in
terms of plasticity and community assembly tendencies. Our
last example is devoted to a discussion of compositional tran-
sition hotspots.

Formation expansion rate in warming cycle

Under sustained but moderate warming or cooling cli-
mates, entire vegetation zones may be dislodged and their
component species forced to migrate and reassemble in new
geographic locations. Delcourt and Delcourt (1987, figure
1.4, page 20) fixed the time/space dynamics of such a process
over 20 kyr in Eastern North America. Focusing on the East-
ern Deciduous Forest (D in Fig. 5), we observe that this for-
mation did not exist until about 13 kyr BP, when it began to
assemble from species migrating out of refugia. The follow-
ing statistics are revealing:

1. Formation begins to assemble 13 kyr BP on latitude
33° N. For this time point, we read -4.25° from Fig. 2.

2. By 5 kyr BP, the formation expands 10° north. For this
time point, we read 0.13° from Fig. 2. The difference in
GMST terms is 8.76 which corresponds to an average 100 yr
warming rate of 0.11° over the 8 kyr period. The correspond-
ing centenary dislocation rate of the northern limit of the for-
mation is 10/80=0.13° LN.

3. At the predicted current 100 yr climate warming rate
of 3.6 °C, which materialises as a 3.6 x 1.5=5.4° 100 yr local
warming rate at the northern limit of the formation, northern
boundary dislocation northward should occur at the 100 yr
rate of (5.4° % 0.13°)/0.11° = 6.38°LN. This is about 50 times
the historic rate. Few plant species of the Eastern Deciduous
Forest would be capable of migrating northward at that rate,

Not climate related limit. ** Extrapolation according to regression equation in the text.

and the few that could, would quickly ran out of available
terrestrial geography.

Long-term oscillations of characteristic community
metrics

One of the metrics is compositional transitions velocity
V. 1t is defined as the amount of compositional change in unit

Figure 5. Vegetation map of Eastern North America after
Kichler (1988 with revisions). Legend to formations: T — Tun-
dra; B — Boreal Forest; M — Mixed Conifer-Northern Hardwood
Forest; D — Cool-Temperate Deciduous Forest; G — Grassland;
E — Warm-Temperate South-Eastern Evergreen Forest; S — Sub-
tropical Forests. See Braun (1950) for detailed description of D,
the target vegetation formation of this section of the paper.
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Table 5. Regression estimates for the correlation of Vostok temperatures and compositional transition velocity in paleospectra from
14 global sites. Refer to Petite et al. (1999) and Fig. 2 on Vostok, to Fig. 6 and Orléci et al. (2002, 2006, Orléci 2008) for the regres-
sion estimation used, and to the Global Pollen Database (2007) for details on data sources. Symbols: /' — compositional transition ve-
locity, 7 — Vostok temperature, #(¥,T) — a multiscale regression estimate of the correlation, R’ — coefficient of determination in
regression, F' and F~ — analytically derived sign frequencies of the correlation, 7hi — Thornthwaite index (precipitation per potential
evapotranspiration), CRVF — current regional vegetation formation, 7U — Tundra; TR — Tropical rainforest; LSC — Lowland shrub
conifer; TA — Taiga; AT — Alpine tundra; TDF — Temperate deciduous forest; ARA — Araucaria forest; TG — Tropical grassland; G —
other grassland; XF — Xerophytic forest; 7H — Thorn shrub; E4S — Eucalyptus, acacia shrub; EASC — EAS plus Conifer; MDSC —
Montane desert shrub conifer; DS — Desert shrub. Note the declining values in the ¢ column and the increasing values in the ¢~ col-
umn with declining values of the Thorntwaite index (7hi) in the 0 to 50 yr BP and the 10 to 50 yr BP intervals. Their numerical cor-
relations are given in Table 6. Table reproduced from Orléci et al. (2006) with change.

Statistics oV VI VT ¢ ¢ ¢ ¢ ¢ o Thi  CRVFE
#  Period kyr 0-50 0-10 1050 050 050 0-10 0-10 10-50 10-50
1 Lagoadas Patas 00.16N 6.41W 012  -02 046 81 163 476 39 864 109 14 TR
2 Joel Lake 66 46N 157.13W 035  -001 083 809 168 536 326 9461 495 19 U
3 Camel Lake 30 16N 85.01W 031 039 06 758 207 99 1 663 312 13 ISC
4 Hanging Lake 68.28N 138 23W 0,63 05 083 687 302 223 946 657 333 19 T4
5  JackLondonL.62.10N14930E 011  -05 055 651 292 258 642 851 358 19 ATTA
6  Jackson Pond 37.27N 85.43W 03 0.4 0.61 573 384 698 281 767 207 13 TDF
7 Cambari 29.03850.06W 053 003 029 566 328 554 314 525 353 18  ARAG
8  Rusaka Swamp 3.255 29.37E 0.23 004 076 468 40 332 656 847 132 07 TGTH
9 Lynch's Crater 17.225 145.42E 07 026 02 426 551 763 14 392 499 07 EAS
10 Tierra del Fuego 54535 67.10W  -03 -0.1 047 336 637 262 674 732 236 04 DS
11 Lake George® 35.055 149.25E 05 055 02 151 843 784 208 32 664 06  EASC
12 Potato Lake 3727N 11120W  -03 02 02 112 849 381 512 381 512 03 MDSC
13 Hay Lake 34.00N 10925W 02 -0.6 061 474 939 328 967 162 805 03 MDSC

“Last 50 kyr

Table 6. Correlation of the regional r(¥,T) values and sign frequencies (¢, ¢) with current estimates of the Thorntwaite index (Thi)
as given in Table 5. Large p(¢ ,Thi) indicates strong linkage of climate warming and accelerated compositional transitions in the hu-
mid zones. This also indicates increased, warming related, compositional instability. Nominally large p(¢', 7%i) indicates that the ef-
fect is reversed in the arid zones where warming tends to slow the transition process.

Period oV, TxThi a0, Thi)  p(¢,Thi)  Regularities recognized
Total period 0-50kyr BP 0.775 0.851 -0.844 Se Caption
Pre-Holocene 10-30 kyr BP 0.537 0.604 -0.626 50 kyr regularity

retained
Holocene 0— 10 kyr BP -0.136 0.031 -0.103 Pre-Holocene pattern

collapses.

trolled by a purely random process. The method of construc-
time (Orldci et al. 2002, 2006, Orlédci 2008). The first deriva- tion is described by Orldci et al. (2002, 2006), Orldci (2008).
tive of Vis the transition process acceleration 4, which is the
change in velocity per unit time. We examined the long-term
oscillations of /" and 4 in 14 paleospectra (Fig. 6, Table 5)
and measured the synchronicity with the Vostok temperature
oscillation (Fig. 2), using specialized techniques (Orldci et al.
2002, 2006, Orloci 2008). A typical case, taken from Cwynar
(1982) is featured in Fig. 6. Other cases are identified in Ta-
ble 1 and detailed results in Table 5. Notwithstanding the ex-
treme nature of oscillations, the synchronicity with tempera-
ture oscillations is clear: dominantly positive in sites of the
humid biomes and negative in sites of the arid biomes. This
suggests the definite biome dependence of warming effects
and concomitant levels of compositional destabilization. By
destabilization we mean the tendency for rapid change.

The deviation graphs highlight the long-march of pa-
lynomorphs through time, or metaphorically speaking,
through successive life zones (cold step, tundra, and taiga)
over the 40 kyr history of the Hanging Lake sediments. Dry
step taxa (Poaceae, Artemisia, Brassicaceae, Chenopo-
diaceae/Amaranthaceae) dominate the region’s uplands un-
til about 19 kyr BP, the lichen-rich tundra (Pediastrum alga
+ Fungi spore types) thereafter until about 11 kyr BP, to be
succeeded by the Taiga under increased precipitation. The
collection of palynomorphs characteristic for the Taiga in-
clude Betula, Alnus incana, Botrychium, Sphagnum, Picea,
Ericales, Equisetum, andVaccinium.

The graphs show changes in deviations (A) and sums of
squared deviations (SSD). The SSD graph is the sum of the

Long-term taxon frequency oscillations squared A graphs. The cumulative effect of climate warming

Taxa in this case are the pollen types or palynomorphs.
Fig. 7 presents characteristic graphs. The oscillations are
relative to random expectation, which is a frequency value to
be expected where and when pollen type dispersion is con-

is unmistakable in both types of graphs (first plate, Fig. 7).
As far as the long-past is concerned, well within the cooling
cycle, the early, rather flat temperature graph coincides with
uniformly low amplitude portions of the A graphs. Climate
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Figure 6. Left column: oscillograms for compositional transition velocity, compositional transition acceleration, and Vostok tempera-
ture. Measurement units are arbitrary. Velocity is defined as the amount of compositional transition per unit time. Acceleration is the
rate of change in velocity. Right column: graphical representation of correlation analysis adopted from Orldci et al. (2002, 2006).
Three irregular lines are shown and three straight lines. The irregular line labelled (¥, T) captures the synchronicity of velocity and
temperature computed over the entire period length (422.8 kyr) at different step sizes BS. The corresponding straight line is the best
fitting regression line #(¥,T) = 0.0095BS + 0.6201. The irregular line labelled Fr' represents the frequency of positive #(V,T) values
within a very large number of randomly chosen substrings fitted within the total period length. The corresponding regression line is.
Fr' = 0.3942BS + 68.088. The irregular line F7 represents the frequencies of the negative »(¥,T) values for which the regression
equation is Fr+=—0.3395BS + 30.566. R is the coefficient of determination for regression. Graphs are viewable in colour at Web ad-
dress http://www.vegetationdynamics.com link VDIFigures.pdf .
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Figure 8. Isolation of the communality (a,d) and specificity (b,3) components of variation for taxon / with regard to taxon i and for
taxon i with regard to taxon /. Definition of relevant quantities: SDj = VSps — standard deviation, taxon A, SD; = \'S;; — standard de-
viation, taxon i; Spn = Frb= variance, taxon /4, Sii = &+ [32: yz — variance, taxon i, Spicli = & cos o= a*— portion of the
variance of taxon 4 that can be accounted for by the correlation with taxon i; Spas|i= ¢~ sin oi = b — portion of the variance of taxon
h that cannot be accounted for by co-variation with taxon i, Siic /= yz cos oy = &~ — portion of the variance of taxon i that can be ac-
counted for by the correlation with taxon A, Siisjh = Y’7 Sin Olhi = [3‘7 — portion of the variance of taxon i that cannot be accounted for
by co-variation with taxon 4, rpi = cos ot = Shi/ (S;,/;S/,-)l/2 — the correlation coefficient of taxon / and taxon #;Sun = Shic|i + Shhs i Sii
= Siich + Siis . Note: a 90° alpha angle implies independence, such as a=0 and b=c or §=0 and B=y. See further technical details in

the main text.

warming brings out the deviation peaks. A typical case is the
SSD peak around 11 kyr BP that comes at the end of a long
period of surface warming at a 100 yr rate of about 0.8°C (a
warming rate less than one fourth of the Manabe prediction).

Taxon traits and assembly metrics

Palynological spectra hold information about the long-
term contribution of taxa to community dynamics. The con-
tribution may have many aspects of which those that relate to
community assembly is readily measured in terms of a
taxon’s dual traits called communality and specificity (Orloci
1975, 1978 pp. 31 et seq.) The communality metric th‘. is
defined as the squared multiple correlation coefficient. Sub-
script 4 refers to a taxon. The other is the taxon’s specificity
metric, the one complement of the squared multiple correla-
tion, lfth . We revisit Orldci (1978) for salient points of
derivation guided by the diagram in Fig. 8. Important note:
for meaningful results in the manipulations below, the distri-
bution of individual taxa chosen should span the entire depth
of the spectrum, and the spectrum should be constructed
from many samples (data points).

Based on the level of communality or specificity, taxa are
categorised by trait as team-players (A) and individualists
(B). Most taxa fit in between the two extremes with one of
the traits being dominant. We will classify taxa as A or B
depending on the dominant trait. Our classification rule for
trait A or B is the greater of th‘. or I—RZM.. We call th _the
squared multiple correlation of h with the other taxa and give
it functional form as th = Sune/Spp. In this, Sy, is the com-
munality variance of taxon /# with the other taxa and Sy, is
the total variance of taxon 4. Orloci (1975, 1978, Orloci and
Orloci 1995) describe two methods to compute values for the
right hand terms in: Sy, = Sppe + Spps-

1. The first method requires a non-singular variance/co-
variance matrix § of taxa. That is, the inverse of matrix §
must exist. This requires a spectrum not saturated with zeros.
In other words, the taxa must span the spectrum. To establish
this condition, the taxa with low constancy have to be re-

moved. If in fact the inverse of § found to exist, then the par-
tition Sy, = Spne + Sy 18 accomplishable simply by taking
Spns = /8 lhh, in which § lhh is the 4,h diagonal element in
the inverse of matrix S. Based on the partition, we have the
multiple correlation of taxon A:

R-, _ S‘Ihc
L .

Sin

th‘_is the level of relative redundancy (co-variation) of
taxon / with respect to the other taxa involved in the compu-
tations.

2. An alternative method for computing the partition Sy,
= Spne + Spus does not require matrix inversion. The algo-
rithm is recursive through steps involving computation of
Syne i partial communality values from the stepwise residuals
of S. The number of partial communalities is one less than
the order of S. The step-wise partial communalities are
summed to obtain the Sy, value. Here in brief, what is devel-
oped at length in Orldci (1975, 1978, pp. 18 et sq.), the recur-
sive calculations go like this assuming that the rows in the
basic p X n data matrix X are taxa:

n
1. Compute Syq) = 2 XX inwhich X = X —my,
i-1

l n
and m, = o Z Xy
j=1
2. Compute the communality of taxon 4 with taxon i

S1hc(0) = % =9 hhji 2

and specificity Sys(0) = Spn — &

3. Compute the first residual of S

S1k(1) = S1k _%% .
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Table 7. The duality of communality and individualistic traits in the taxa taken from the Hanging Lake spectrum in the Canadian
Arctic and from the Cambara spectrum on the temperate Rio Grande do Sul Highlands in Brazil. Table 1 contains the site and data
specifications. The 10 most frequency taxa are selected for analysis. The number of available taxa is 89 in Hanging Lake and 164 in
Cambara. See reasoning in the main text. Symbols: FR — taxon frequency, i.e., the number of the sampled sediment horizons (data

points) in which the taxon occurs. The total number of data points is 133 in the Hanging Lake spectrum and 190 in the Cambara spec-
trum; R% — the multiple correlation coefficient of taxon /4 in the spectrum measured on the 0 to 1 scale; this is an expression of the
strength of trait communality; - a measure of the strength of trait specificity. Note: the taxa csn shift dominant traits within the differ-

ent historic periods (0-10 kyr BP, 11-20 kyr BP, 20-41 kyr BP).

Hanging Lake, Yukon

# Taxa FR  Otol0kyrBP 11to20kyrBP 20to41kyr BP

E, 1-R, K |-E R, 1-E

1 Betula 133 081 019 083 007 018 0.82

2 Poaceae 133 034 066 071 029 010 080

3 salix 132 053 047 059 041 053 047

4 Artemisia 132 086 014 092 D008 021 079

5 Cypaeraceae 132 044 056 034 0.66 .04 0.96

6 Picea 125 068 031 059 041 017 083

7 Alnusviridis 123 040 06 081 019 02 074

8 Sphagnum 121 053 047 063 037 005 081

9 Botrychium 120 076 024 014 0.8 052 048

10 Pediastrum 116 041 058 078 022 003 051

%>05 60 40 80 20 20 80

Cambara, Rio Grande do Sul Highlands
T8 Tama R 0to 10 kyr BP 11 t0 20 kyr BP 0todlkyr B8P
E, I-F, E, 1-R, R 1-E,

1 Poaceas 190 0.941053 0058947 0.995043 0.004957 079342  0.20658
2 Cyperaceas 1es 0505835 0494165 0.985107 0014893 0.568736 0.401264
3 Baccharis jes D.867134 0132866 0.952809 0047191 0431766 0.568234
4 psteraceae-Tub 185 0664705 0335295 0.943884 0056116 0330651 0,669349
5 Melastomataceae 183 0837228 0.162772 0.937858 0.062142 0466385 0.533616
& Eryngium 184 0783572 (0.216428 0.99152 (.00848 0.694867 0.305133
7 Seneco-type 160 0563002 0.436998 0.766707 0.233293 045042 054958
& Myraceae 159 0.794556 0.205444 0772857 0.227143 0.693158 0.306841
9 Myrsine 138 0.697804 0302196 0.921732 0.078268 0.246105 0.753895
10 Erocaulon 138 0705015 0.294985 0.866029 0.133971 0490008 0.509992
11 plantago australis-type 128 0.775889 0224111 0.928314 0071686 046934  0.53066
12 Araucaria angustifolia 125 0945254 0054746 0.911376 0.088624 0360171 0.639829
13 podocarpus 112 0203232 0.706768 0.865220 0.134771 033939  0.66061
14 pamphalea 111 0542385 0457605 0.848097 0.151903 0473687 0.526313
15 Cellis 1o 0.204%3  0.79507 0.894 0,106 0313533 0.686467
16 Apiaceae 108 0312928 0.687072 0.806983 0.193017 0.224082 0.775918
17 yris 106 0.544446 0455554 0.825362 0.174639 0300795 0.689205
18 Jungia-type g9 0.527674 0472326 0788887 0.211113 0320769 0.679231
19 Weinmannia gs 0.765332 (.234668 0.528129 0471871 0322908 0.677092
20 Moraceae/Uricaceae g4 0.460032 0.539968 0.902275 0.097725 0266515 0.733485
21 psilate g4 0.267994 0.732006 0.830974 0.169026 0.454705 0.545295
Mean  0.619048 0380952 0.869675 0.130325 0430543 0.569457
%>0.5 7619048 13.80052 100 0 19.04762 80.95238
Correlatlon With Fy 0570897  -0571 0560348 -0.56035 0607219 -0.60722

4. Compute the first residual communality value for taxon 4
with taxon u:

S (1)
thc\(l) = -

e 2
and specificity Spns1) = Shnc1y =8 mhu.

2
hhju »

=3

v Slhs(l)

5. Do steps 3 and 4 recursively for each of the p taxa vis-a-vis
taxon £, all taken in their natural order until all p-/ taxa were
encountered, and then sum:

P
She = 2 Sy and Shie = Shh — Shis-
j=1
6. Select the next taxon / and start at step 2.

How should we interpret the th‘_ values? Simply stated,
when th‘. = 1, then statistical redundancy is total. This im-

plies total functional integration of taxon /4 into the covari-
ance type interaction structure of the community. When th‘_
=0, there is a total lack of redundancy, meaning that all vari-
ation in taxon /4 is specific to itself. But this also means a total
lack of integration. Considering the position of the taxa on
the 0 < RZh‘_ < 1, continuum, those taxa that score values
nearer to 1 are deemed to exhibit trait A and those nearer to
0 are deemed to exhibit trait B.

Some interesting results are presented for two pa-
lynological spectra in Table 7. Note that meaningfulness of
the results presented, and the way they are presented is a con-
sequence of dealing with taxa whose distribution spans in
good part if not totally the palynological spectrum.

Having applied the th‘_ assembly trait classification rule,
we now summarize the results of Table &:
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Table 8. Trait segregation of taxa in the Hanging Lake spectrum based on Table 7. Symbols: A — communality trait; B — specificity
trait; N — trait neutral behaviour. See the main text for explanations.

# Taxa FR E3 E2 El
Oto 10 kyrBP  11to 20 kyr BP 20to 41 kyrBP
1 Betula 133 A A B
2 Poaceae 133 B A B
3 Salix 132 N N N
4 Artemisia 132 A A B
5 Cypaeraceae 132 N A B
& Picea 129 A N B
7 Alnusviridis 123 B A B
& Sphagnum 121 N A B
9 Botrychium 120 A A N
10 Pediastrum 115 N A B

Table 9. Over view of the Cambari traits based on Table 7. Symbols: A — communality trait; B — specificity trait; N — trait neutral.

See the explanations above.

# Taxa FR E3 E2 El
Oto10kyrBP  11to20kyrBP  20to 41 kyr BP
1 Poaceas 125 A A A
2 Cyperaceae 112 A A A
3 Baccharis 138 A A B
4 Asteraceaes-Tub 183 A A B
5 Melastomataceae 96 A A B
& Eryngium 159 A A A
7 Senecio-type 109 A A B
8 Myrtaceae 94 A A A
9 Myrsine 150 A A B
10 Eriocaulon 125 A A B
11 Plantago australis-type 112 A A B
12 Araucaria angustifolia 138 A A B
132 Podocarpus 183 B A B
14 Pamphalea 96 A A B
15 Celtis 159 B A B
16 Apiaceae 109 B A B
17 Kyris 94 A A B
18 Jungia-type 190 A A B
19 Weinmannia 188 A A B
20 Moraceae/Urticaceae 188 B A B
21 Psilale 188 B A B

1. Taxa sort themselves on the communality to specificity
continuum quite characteristically, depending on the epochs
of the recent 40 kyr:

E1l: 41 — 21 Kyr BP; cooling cycle.
E2:20 - 11 kyr BP; warming cycle.

E3: 0 - 10 kyr BP; Holocene short-term temperature oscilla-
tions.

Betula in the Hanging Lake spectrum has a typically type A
trait behaviour during the warming period E2 and during E3,
and a highly type B trait behaviour during cold E1. Another
high profile taxon that crosses the breadth of the traits is
Sphagnum. 1t is quite neutral during the E3 and E2, but abso-
lutely type B trait during E1. The lichen component Pedias-
trum is neutral during E3, displays trait A during E2 and trait
B during E1. Interesting to note how Salix retains a trait neu-
tral stance during all three periods with only slight byes to-
ward a type A behaviour. On average, type A trait behaviour
is dominant in the Hanging Lake spectrum during E3 and E2,

and type B behaviour during E1. Table 8 gives an over-view
of traits

2. The Cambara results are summarised in Table 9. Trait B is
dominant in E1 and trait A in E2. Epoch E3 is somewhat bi-
ased toward trait B, but A is still the dominant trait.

3. The shifts from B trait dominance to A trait dominance as
the Late Quaternary climate begins to warm is a fact in both
of the examples. Considering that the shift coincides with the
shift from compositional stability to instability (see Table 7),
the trait shifts take on special significance to deduce a climate
related assembly rule: periods of high instability are flagged
by strong interactions among the taxa (communality rule)
while the opposite (the specificity rule) is characteristics for
periods of high stability.

We have seen that traits can be identified that allow us to
categorise taxa by their position on the continuum as commu-
nity builders or individualists. It is important to note that the
term “trait” emphasises a taxon’s involvement with the co-
variance interaction structure in the community. Pillar et al.
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(2008) introduced an interesting way to reveal assembly
rules by focussing on the taxon’s character traits, mainly
those related to functionality. On that basis, their extract as-
sembly rules have to do with patterns of character-trait con-
vergence (TCAP) and patterns of character-trait divergence
(TCDP). Character traits are considered convergent when
their distance configuration scaled up to the community-type
level is highly correlated with environmental stress, also
scaled up to the community type level. Pillar et al. (2008)
consider character traits divergent when the distance con-
figuration of their types (established in cluster analysis or a
priori given) on the community type level is highly corre-
lated with environmental tress on the community type level.
These terms have their own non-linear logic that cannot be
discovered easily without working through an actual exam-
ple. This requires working with a good number of data ma-
trices:

1. Matrix B given. This contains numerical scores for the
character traits of taxa (see Orldci and Orldci 1985, Orldci
1991, Pillar and Orléci 1993). The character traits are ar-
ranged in the columns and the taxa in the rows of B. A char-
acteristic cell of B thus contains the numerical value of the
corresponding character trait in the corresponding taxon (as
a population). Pillar et al. (2008) call the taxa OTUs (opera-
tional taxonomic units) following usage by Sokal and Sneath
(1963, Sneath and Sokal 1975).

2. Matrix W. This has the taxa as its rows and community
types (established in cluster analysis, if not given a priori) as
its columns. A characteristic cell of W marks the presence
(score 1), absence (score 0), or the quantity of the corre-
sponding taxon in the corresponding community type.

3. Matrix T. This is a character traits by community types
matrix derived by matrix multiplication, T=B'W. This opera-
tion is called “up-scaling” the character traits to the commu-
nity types. The latter are established in cluster analysis of the
fundamental sampling units if not given a priori.

4. Matrix E. This is the usual kind of environmental data ma-
trix. The environmental variables are arranged as the rows
and community types as the columns.

5. Matrix U. This is derived from matrix B. The rows of U
represent taxon types and its columns represent the taxa. A
characteristic cell of U contains the value of a taxon’s “be-
longing” to the corresponding groups of taxa. The latter are
established in cluster analysis, if not given a priori. “Belong-
ing” is defined here in the same sense as used by Feoli and
Zuccarello (1986) and Feoli and Orloci (1991).

6. Matrix X. Pillar et al. (2008) derive this by X=U'W. In X
the rows represent taxon types and the columns represent
community types.

From the above matrices, Pillar et al. (2008) derive assembly
rules via the correlations of distance matrices D,Dy with the
environmental distance matrix Dg. One of the assembly rules
regards the intensity of the TCAP and the other the intensity
of TDAP. The rule metrics are correlation coefficients:

Orloci

1. p(TE) = p(D;Dy) — scalar for TCAP.

2. p(XE) = p(Dy;Dg) — an uncorrected scalar for
TDAP.

What does “uncorrected” mean? If we view p(TE) as a true
measure of the convergence of character traits on the ecologi-
cal gradient implicit in the distance structure D, then p(XE)
will have an inference component since Dy is correlated
with Dt and D with Dg. To see then the intensity of TDAP
emerge in its true self, Pillar et al. (2008) propose the cor-
rected metric

P(XE) - p(XD)p(TE)
(A= p(XT)*)(L-p(TE)")]?

For ecological fine-points and technical explanations we re-
fer to the original paper. In closing we pose the following
question: should p(TE) not benefit from a similarly reasoned
correction?

P(XE|T) =

Transition hotspots

Among the compositional stability/instability indicators
that we considered so far, the one with most revealing graph
for detecting hotspots of compositional transitions is accel-
eration (Fig. 6). What can we read from the referenced accel-
eration graph? For one thing, we are struck by the sharp con-
trast between the different epochs that we labelled E1, E2, E3
in the above sections. The portion of the graph in E1 is abso-
lutely flat (at the magnification used); this is the epoch when
the climate cools and the Globe descends into the deep Ice
Age. More obvious oscillations do not begin until well into
the warming cycle of E2, but then dynamics becomes explo-
sive with widely oscillating acceleration in the first half of
El. By 6 kyr BP much of the dynamics dissipated and the
graph settles down into a perfectly flat segment until present.
What is suggested by this characteristic pattern in the accel-
eration graph?

1. Intense compositional change is a delayed reaction that
builds up over millennia to a maximum after sustained in-
tense climate warming,.

2. Compositional stability may not be re-established long
after the extreme thermal lability is corrected.

3. The thermal drama unfolds at warming rates (Tables
2, 3) smaller than 1/9 of the warming rate of Manabe et al.
(1990) prediction of 3.6 °C, that we made the basis of our
comparative discussions.

Synopsis: a vegetation future for the North

An overview of the results presented in the paper sug-
gests the likely unfolding of unusual thermal events if the
predicted global 100 yr climate warming rate does in fact
comes in at 3.6° or higher. Taking the local thermal influx
rate into account, a 3.6° rate will imply a 5.4° 100 yr rate at
the northern limit of the Eastern Cool Temperate Deciduous
Forest (D in Fig. 5). The predicted northward dislocation rate
at this level of warming rate is 6.38 ° L per 100 yr. If this in
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fact materialises then the thermal Northern limit of ECTDF
on the Delcourt and Delcourt (1987) transect should move to
the North rim of the Canadian Shield, possibly into the clay
belt in the Cochrane area around 49° LN. Concurrent with
this, the thermal northern limit of the Boreal-ECTDF transi-
tion belt would reach 55° LN which would leave very little
room for the Boreal Forest to re-assemble as a conterminous
formation. The Taiga-Tundra belt as such would disappear.
The Taiga-Tundra flora would retreat to patchy refugia in the
Arctic.

The effects of thermal onslaught would be seen soon, in-
itially as forest dieback of immense geographic extent, under
which a ragtag band of species, mainly those surviving the
initial thermal impact, would form loose synusiae. The re-
population of the regions by the climax dominants from re-
fugia could take centuries or possibly millennia.

The rates and consequences pointed out are clearly colos-
sal in magnitude, but also very low probability events in the
context of the known historic rates. Yet our rates are not fic-
titious. On this basis, they present sufficient basis for concern
in the extreme, for what is at stake is nothing less than an
unmitigated northern disaster. No one should hope to plan for
less.
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